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Objective: To evaluate the discriminatory power of genotyping methods (PCR fingerprinting and pulsed-field gel 
electrophoresis) validated for Candida albicans in  other Candida species. 
Methods: Molecular typing methods are increasingly being applied for studies where the interpretation of data 
essentially relies on the typing results rather than epidemiologic data. In this situation, the discriminatory power (ability 
to identify differences among epidemiologically unrelated strains) of the typing method is important in allowing one to 
draw valid conclusions. By applying PCR fingerprinting, electrophoretic karyotyping, and restriction fragment endo- 
nuclease analysis using standard restriction enzymes and primers proven to be useful in previous studies, we evaluated 
whether the use of multiple genotyping methods is sufficient to delineate known unrelated strains among seven Candida 
species. 
Results: All three methods identified individual genotypes for each of the seven Candida species studied. However, 
optimal strain delineation required the combined use of all three typing methods and was observed only within the small 
number of C. albicans and C. tropicalis isolates tested in this study. 
Conclusion: Typing assays that are able to delineate a certain Candida species may not be used blindly for other 
species of that genus. Regarding the limited number of strains tested, further validation of the discriminative power of 
genotyping methods (including in  C. tropicalis) should be done. 
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The increasing incidence of nosoconiial candidosis 
has become a serious clinical problem [I-31. This trend 
is paralleled by an increasing need to define the 
pathogenesis and the mode of transmission of invasive 
candidosis, in order to direct preventive measures. 
Epidemiologic typing of microorganisms is fre- 
quently used to supplement a careful epidemiologic 
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investigation, such as in the investigation of outbreaks 
of infections due to different Candida species [4-161, 
Recently, genotyping methods have been applied to 
studies on pathogenesis [I 7-19], or antifungal resistance 
development [20-231, where the interpretation of the 
data relies heavily on the typing results. In this situation 
investigators must be sure that the typing methods 
employed, either singly or in combination, have the 
ability (discriminative power) to identify differences 
among epidemiologically unrelated strains. Most of 
these so-called ‘molecular epidemiology’ studies 
depend upon DNA-based typing techniques [24-281; 
and under most circumstances the rationale for the 
epidemiologic typing comes down to ‘whether two 
or more strains of a given species are the same or 
different’ [29]. 
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Various molecular epidemiologic typing methods 
such as restriction endonuclease analysis of genomic 
DNA [17,30,31], P C R  fingerprinting [18,32], Southern 
hybridization analysis [33-361, electrophoretic karyo- 
typing using pulsed-field gel electrophoresis (PFGE) 
[ 19,371, and immunoblot fingerprinting [6,38] have 
been applied to studres of Cand ida  species. Further- 
more, polyacrylamide gel electrophoresis (PAGE) 
[31,38], and multilocus enzyme electrophoresis [39] 
have been used successfully in Candida typing. Applied 
to specific situations, each of these methods has 
advantages and disadvantages. Two methods, P C R  
fingerprinting and restriction endonuclease analysis of 
genomic DNA (REAG) using PFGE, are frequently 
used to type Cand ida  spp., due primarily to ease of 
performance and discriminatory power, respectively. 
Previous studies using PCR fingerprinting and REAG 
to identifj strains of Cand ida  albicans and C. tropicalis, 
respectively, documented a high level of discrimination 
[ 18,401. For future epidemiologic investigations it is 
likely that these methods will be applied to other 
species of Candida,  possibly without re-evaluating the 
discriminatory power. 
We evaluated whether these methods are sufficient 
to discriminate among epidemiologically unrelated 
isolates of other Cand ida  species, or if detailed 
information on the primedenzymes used for P C R  
fingerprinting and PFGE are necessary to achieve a 
suficiendy high discriminative power. 
MATERIALS AND METHODS 
Isolates 
We chose four epidemiologically unrelated isolates 
from each of seven Candida species, namely C. albicans, 
C. tropicalis, C. krusei, C. glabrata, C. parapsilosis, C. 
preudotropicalis, and C. gttillermondii. All of these 
(reference) strains originated from the Centraal Bureau 
voor Schimmelcultures (CBS), Baarn, The Netherlands. 
Isolates were coded and were sent as Cand ida  spp. for 
typing in laboratories that were blinded to their origin 
and identification. 
PFGE DNA preparation 
Candida strains were karyotyped by contour-clamped 
homogeneous electric field (CHEF) electrophoresis 
ot-genomic DNA [8] ,  and also typed by REAG after 
digestion with the restriction endonuclease BssHII 
[40]. The DNA for the molecular typing was prepared 
as described earlier [19]. 
CHEF karyotyping 
Electrophoresis was performed with a CHEF-DRII 
pulsed-field electrophoretic system (Bio-Rad) in 0.7% 
agarose gel (SeaKem GTG): 0.5 X 100mM Tris (pH 
9.5), lO0mM boric acid, and l . O d  EDTA at 15OV 
and 13°C. The pulse interval was 120 s for 24 h 
followed by 240 s for 36 h. Saccharomyces cerevisiae 
chromosome/DNA molecular weight markers (Bio- 
Rad) were included in each gel as standard. After 
electrophoresis, the gels were stained with ethidium 
bromide, illuminated under ultraviolet light, and 
photographed with Polaroid 107C film (Polaroid, 
Cambridge, MA, USA). 
REAG 
For this, agarose inserts containing chromosome-sized 
DNA were prepared as described above and placed 
into 100 mh4 Tris-HC1 (pH 8.0) containing 5 mh4 
magnesium chloride. Agarose inserts were washed 
twice and placed in 100 pL of buffer containing 20 U 
of BssHII restriction endonucleases (New England 
Biolabs, Beverly, MA, USA). Overnight digestion was 
performed as described by the manufacturer. 
Electrophoresis was performed with a CHEF- 
DRII pulsed-field electrophoretic system (Bio-Rad) in 
1.0% agarose gel (SeaKem GTG): 0.5 X TBE buffer at 
200V and 13°C. The pulse interval was ramped from 
10 to 90 s over 24 h. The 48.5-kb lambda DNA ladder 
(Bio-Rad) was included in each gel as molecular weight 
standard. After electrophoresis, gels were stained with 
ethidium bromide, illuminated under ultraviolet light, 
and photographed with Polaroid 107C film (Polaroid). 
PCR DNA extraction 
All Candida isolates were grown in Sabauroud glucose 
broth. Genomic DNA for RAPD was prepared as 
follows: cultures were centrifuged and washed twice in 
phosphate-buffered saline, and resuspended in 250 pL 
STET buffer (233 mM sucrose, 50 mh4 Tris-HC1, pH 
8.0, 20 mM EDTA, 5% Triton X-100). Lysozyme was 
added to a final concentration of 1.7mg/rnL. The 
suspension was incubated at room temperature for 5 
min, heated at 100°C for 1 min and put on ice for 
another 2 min. In succession, sodium dodecyl sulfate 
and proteinase K were added to the solution to final 
concentrations of 0.3% and 0.5 mg/mL respectively; 
this mixture was then incubated at 55°C for 2 h. 
Following extraction with phenol, 0.03 mg/mL RNase 
A was added and the mixture was incubated at 37°C 
for 20 min. The solution was extracted successively 
with phenol/chloroform/isoamyl alcohol (25:24:1) 
and chloroformhsoamyl alcohol (24:l). DNA was 
precipitated overnight and resuspended in 100 pL of 
distilled water. An aliquot was electrophoresed in a 
1% agarose gel containing 0.1 pg/mL ethidium 
bromide to estimate the DNA yield and veriijr DNA 
integrity. 
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RAP0 analysis 
PCR fingerprinting of C a d i d a  DNA (50 ng) was 
performed in a 50-pL reaction volume containing 75 
m M  Tris-HC1 (pH 9.0), 2.5 mM MgCI?, 20 mM 
(NH&SO+, 0.01% Tween-20, 0.2 m M  each dNTP, 
50 pmol of primer 1283 (S’-GCGATCCCCA-3’) and 
0.2 U of Tuq DNA polymerase (Thermoperfectplus 
DNA polymerase, Integro, Zaandam, The Nether- 
lands). A Perkin-Elmer 9600 thermocycler was used for 
amplification. The cycling program run was four cycles 
of 94°C for 5 niin, 36°C for 5 min, and 72°C for 
5 min, followed by 30 cycles of 94°C for 1 min, 
36°C for 1 min, and 72°C for 2 min, and a 10-min 
incubation at 72°C. Amplified DNA (5 pL) was 
separated by electrophoresis in 1.5% agarose gels and 
visualized by ethidium bromide staining (0.1 pg/mL). 
Thi5 particular condition has been optimized for 
C. ulbicnns in our laboratory at  an earlier stage. A 
molecular size marker (1 00-bp ladder; Pharmacia, 
Woerden, The Netherlands) was used for reference. 
Photographs of ethidium bromide-stained gels were 
visually analyzed to detect similarities and hfferences 
in banding patterns. Isolates were considered ‘identical’ 
when all of the bands matched, ‘similar’ when 95% but 
less than 100% of the bands matched (approximately 
one different band), and ‘different’ with less than 95% 
matching bands (22 bands). 
RESULTS 
Genotyping results as determined by PFGE karyo- 
typing, KEAG and PCR fingerprinting are given 
in Table 1. Overall, 18 different genotypes were 
determined among the 28 unique Carzdida strains; 16 
Table 1 Genotypes of seven different C m d i d a  species determined by karyotyping and BwYII macro restriction analysis with 
pulsed-field gel electrophoresis and PCR fingerprinting 
~ ~ ~ 
Genotype according to 
Species Strain no. Reference Karyotype KEAG PCK Overall 
C. nlbicuii.< 1 CBS 562 A 1 I d 
2 ATCC 10231 B 2 I I  b 
3 ATCC 24433 c 3 I c 
4 AZN 3982 1) 4 111 d 
5 CBS 6891 E 7 IV c 
F 6 1v f 
3 IV’ 
6 ATCC 62069 
7 CBS 573 E e 
8 AZN 3962 E 7 IV’ R 
C. krcrscr 
C. tropirulis 
9 
10 
11 
12 
13 
14 
15 
1 b 
C. purupsil& 17 
18 
19 
20 
CBS 1518 G 8 V 
CBS 860 G‘ 8 V’ 
CBS 7307 H 8’ V’ 
AZN 3944 I 9 V 
CBS 8072 
CHS 6320 
CBS 6957 
AZN 3672 
CBS 1954 
cns  63lX 
CBS 2194 
AZN 3526 
J 10 VI 
J 11 VI 
J 13 VlII 
K 12 VI1 
L 14 IX 
L ’  14 IX 
L” 14’ IX 
L 14‘ IX’ 
m 
n 
o 
0 
0’ 
0’ 
C p,cudutropiculi, 21 CBS 2234 bl 1 5 X P 
22 CBS 1561 N 16 X’ Y 
23 CBS 2231 M 15’ X P 
24 AZN 402 ” 16‘ X 9 
C. ~ u i k r ~ r ~ a ~ ~ d i i  25 
26 
27 
28 
CBS 6316 P 17 XI 
CBS 2021 I’ ’ 17’ XI 
CBS 7099 P’ 17’ XI 
AZN 2102 1’ 17 XI 
CBS stranis are reference strains from the Centraal Bureau voor Schinmielcultures (CBS), Baarn, The Netherlands 
AZN strains are clinical strains from the University Hospital Nijmegen, strain identity confirmed by CHS. 
‘and’ denote cimilar hut not identical banding patternr (one hand difference). 
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by karyotyping, 17 by REAG, and I1 by P C R  finger- 
printing, respectively. All typing methods showed 
indlvidual genotypes for each of the seven Candida 
species evaluated and were able to identify the four 
different C. albicans strains tested. C. tropicalis was the 
only other Candida species in which the use of one or 
more typing methods was able to identify all four 
strains. Combination of the results of all three methods 
resulted in the identification of three of the four 
unique strains of C. krusei and C. glabrata, and two 
of the four strains of C. pseudotropicalis. None of 
the three typing methods alone or in combination 
was able to discriminate among the C. parapsilosix and 
C. guillerrnondii reference strains. Of  the three typing 
methods, PCR fingerprinting was the least discrimi- 
native method. 
DISCUSSION 
In general, epidemiologic typing systems are used 
to study microbial population genetics, to study the 
pathogenesis or surveillance of infectious diseases, and 
in the investigation of outbreaks. Until recently, no 
common definitions and guidelines on performance 
criteria, such as typeability, reproducibility, stability, 
discriminatory power, test population, and epidemio- 
logic concordance, were in place. The lack of such 
performance criteria made a standardized interpre- 
tation of epidemiologic typing results difficult and may 
have contributed to the suggestion that no single typing 
method is sufficient to fulfill the above mentioned tasks, 
and that most epidemiologic investigations may require 
more than one method for optimal strain delineation. 
Recently, a European consensus guideline for 
appropriate use and evaluation of microbial epidemio- 
logic typing systems was published [41]. The authors 
suggest that the discriminatory power should be >0.95, 
thereby complying with the conventional 5% level of 
acceptable probability of type I error. We hypothesized 
that these standards will not be matched by ‘today’s 
practice’, the use of two independent DNA-based 
methods. This practice might be insufficient to 
delineate without fail epidemiologically related and 
unrelated strains of Candida species. To comply with 
the above mentioned standards, additional validations 
of other primers/enzymes or different reagents used are 
needed for each species of Candida tested. 
Various molecular epidemiologic typing methods 
have been used to delineate strains within Candida 
species [6,17-19,30-371. Karyotyping by PFGE 
was shown to be a useful molecular typing tool 
for identifjring different C. albicans strains [42-451. 
Similarly, karyotyping was shown to provide some 
discrimination among strains of C. pseudotropicalis, 
C. glabrata, and C. lusitaniae [44,46], an observation that 
we could not confirm in the present study. Among the 
seven Candida species evaluated, karyotyping was only 
able to discriminate all four C. albicans strains and three 
of the four C. glabrata reference strains tested. The 
inability of this typing method to reliably delineate 
strains among all species of Candida was shown earlier 
for C. tropicalis [40]. 
Our study shows that with the exception of 
C. albicans and C. tropicalis (iimited by the small number 
of isolates tested), even the use of several different 
genotyping methods in combination may indicate 
identity among epidemiologically unrelated strains of 
non-C. albicans species. The fact that several of the 
isolates showed an identical typing pattern clearly 
increases the chances of invalid epidemiologic con- 
clusions being drawn. 
In order to evaluate the resolution of their P C R  
assay, van Belkum et a1 [I81 reviewed genotyping 
studies on a panel of 21 C. albicans reference isolates. 
Despite the use of PFGE karyotyping, restriction 
fragment length polymorphism (RFLP), Southern blot 
hybridization, and eight different P C R  assays, only 
13 different types were found. The general inability 
of all typing systems to delineate among different 
epidemiologically unrelated strains of C. albicans was 
not further discussed. The inability of similar typing 
methods in the present study to reliably identify 
unrelated strains ofnon-C. albicans species might be due 
to a limited genetic diversity of some Candida species, 
or may just be an expression of the fact that molecular 
epidemiologic studies done so far have not reached the 
discriminative level that is asked for in the recent 
standard [41]. This observation is an indication that the 
number of isolates used to evaluate the discriminative 
power is of utmost importance. 
Typing assays that were able to delineate a certain 
Candida species may not be used blindly for other 
species of that genus. In addition to the recent 
standardized definitions and performance criteria, and 
the recommendation to use at least two different (geno)- 
typing systems, species-specific restriction enzymes and 
primers that have been validated in a large number of 
definitely different strains should be used. Using the 
normal statistical threshold of 0.05, we should expect 
that one or more typing assays used to answer important 
epidemiologic and pathogenetic questions should 
delineate 19 of 20 reference strains. This level of 
discrimination certainly has not been reached in a fair 
proportion of the published studies using molecular 
typing. Despite recent progress in standardizing and 
validating typing systems, the available typing methods 
still need further attention, especially to increase the 
discriminative power. 
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